Accuracy and interobserver variability of coronary cineangiography: A comparison with postmortem evaluation  by Trask, Neil et al.
lACC Vol. 3, No.5
May 1984:1145-54
1145
Accuracy and Interobserver Variability of Coronary Cineangiography:
A Comparison With Postmortem Evaluation
NEIL TRASK, MD, ROBERT M. CALIFF, MD, MARTIN J. CONLEY, MD,
YIHONG KONG, MD, FACC, ROBERT PETER, MD, FACC, KERRY L. LEE, PhD,
DONALD B. HACKEL, MD, GALEN S. WAGNER, MD
Durham, North Carolina
The accuracy of interpretation of coronary cineangiog-
raphy by two independent observers was tested against
postmortem findings in 27 patients who died within 6
months of cardiac catheterization. Variations in cinean-
giographicinterpretations betweenthe angiographerswere
also evaluated. Two patients had normal coronary ar-
teries, while the remaining 25 patients had significant
coronary artery disease. Significant stenosis was defined
as 75% or greater reduction in luminal diameter. Of
326 coronary segments that could be evaluated post-
mortem, 15% could not be evaluated cineangiographi-
cally. The respective overall accuracy of the two ob-
servers was 89 and 88% with an accuracy of 96 and
100% for the left main coronary artery, 91 and 93% for
the left anterior descending artery, 84 and 86% for the
right coronary artery and 89 and 79% for the left cir-
Since its introduction by Sones and Shirey (1) in 1962,
selective coronary arteriography has become an important
and definitive component in the diagnostic evaluation of
possible angina. With the advent of bypass procedures for
direct myocardial revascularization (2,3), accurate assess-
ments of the location, severity and extent of stenotic lesions
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cumflex coronary artery. Cineangiographic assessment
of luminal status distal to a significant proximal lesion
was possible in more than 70% of major vessels with
accuracy levels of 86% for both observers. Of 96 distal
vessels inadequately opacified cineangiographically, 49
(52%) were found to be free of significant lesions.
Both angiographers agreed in their assessmentof 86%
of the 340 coronary segments. Interobserver agreement
was significantly better for the left main, right and left
anterior descending coronary arteries than for the left
circumflex coronary artery (p < 0.05). Accuracy was
93% for 244 segments that were adequately opacified
and assessed the same by both angiographers. Cinean-
giography can thus be used to evaluate coronary anat-
omy with a high degree of accuracy and minimal inter-
observer variability.
and luminal patency distal to significant proximal lesions
have become imperative. With few exceptions (4-8), pre-
vious studies evaluating the accuracy of selective coronary
arteriography by comparison with postmortem findings have
had difficulties, such as a lengthy interval between the time
of catheterization and postmortem examination (9,10), a
variety of cineangiographic techniques (10,11) or no post-
mortem coronary artery injection (9,10,12). Although in-
terobserver variability has been previously assessed (5,13-
19), it has only once previously been correlated with post-
mortem findings (5). Accuracy in the assessment of luminal
status distal to a stenotic lesion has not been previously
determined by comparison with postmortem findings, al-
though the accuracy of distal vessel assessment when com-
pared with findings at surgery and at postoperative cathe-
terization has been reported (16).
Thepurposesof this studywere to addressfour questions.
I) How accurate is cineangiography in evaluating the coro-
nary arteries for the presence or absence of significant ob-
struction? 2) Does cineangiography accurately assess lu-
minal patency distal to a significant lesion in a coronary
0735-1097/84/$3.00
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artery ? 3) How much variation exists between observers
interpreting the same cineangiograms? 4) What is the re-
lation of observer variability to postmortem findings?
Methods
Patients. The study group was derived from 920 con-
secutive patients who underwent selective coronary arteri-
ography and who were found to have significant coronary
artery disease during a 4 year period at Duke University
Medical Center. Twenty-nine of the 81 patients who died
within 6 months of cardiac catheterization had postmortem
examination at this center. The interval between cardiac
catheterization and postmortem examination ranged from 0
to 153 days (median 17). Twenty-two of these 29 patients
died during the operative or early postoperative period after
aortocoronary bypass surgery. The remaining seven patients
died while receiving medical therapy alone . Two additional
patients with suspected coronary artery disease who had
normal cineangiograms but died suddenly within 24 hours
of cardiac catheterization and had postmortem examinations
at Duke University Medical Center were also included. These
31 patients constituted the original study group. Four pa-
tients were subsequently excluded because either the ci-
neangiograms or the pathologic specimen s were not avail-
able for review. In addition, normal coronary cineangiograms
of five randomly selected living patients were included in
the study as normal control subject s without the knowledge
of the angiographers.
Clinical coronary angiography. Selective coronary ci-
neangiograms were obtained in multiple projections (in-
cluding 30° and 60° right anterior oblique and 45° and 60°
left anterior oblique) using the Judkins transfemoral tech-
nique in all patients (17). Cineangiograms were filmed at
60 frames per second with a Picker Pulsar cinefluorographic
unit coupled to a 6 inch (15 ern) image intensification system
with zoom lens . Sublingual nitroglycerin was administered
lAO- PIOXIMAl
routinely to patients before coronary cineangiography. One
patient did not have a right coronary artery injection because
of complications that occurred during the procedure.
The 32 cineangiograms were randomly numbered from
J to 32. After deletion of the patient's name and the date
of catheterization, the films were reviewed independently
by two experienced angiographers (C, and Cz) without
knowledge of prior interpretations or other clinical infor-
mation . All films were reviewed at least 6 months after the
catheterization procedure to eliminate the possibility that
the films would be familiar to either angiographer.
Definitions. The location and severity of all stenotic le-
sions were recorded on diagrams of the coronary artery tree
(Fig. I) (20). The first large branch of the left circumflex
coronary artery on the left ventricular surface was designated
the "first marginal branch," and the second large branch,
if present, was designated the " second marginal branch ."
Either the optional diagonal vessel or the first large antero-
lateral branch of the left anterior descending coronary ar-
tery was designated the " diagonal branch." The degree of
stenosis was estimated as the percent decrease in luminal
diameter as either normal or 25, 50, 75, 95 or 100% oc-
clusion. When a coronary segment was inadequately opac-
ified because of a proximal occlu sion, it was designated
as " insufficiently filled." A lesion was considered to be a
"significant stenosis " if it reduced the luminal diameter by
75% or greater (equivalent to a 94% or greater reduction in
cross-sectional area). This standard was used for two rea-
sons: I) it achieved maximal prognostic value in a previous
study (21), and 2) even allowing for geometric variations,
it assures that at least 70% of the luminal area is occluded.
For each major vessel (left anterior descending, left cir-
cumflex and right coronary artery) that contained a signif-
icant lesion, each observer also evaluated the status of the
vessel distal to the lesion. If a distal vessel was inadequately
opacified because of the proximal occlusion, it was desig-
natcd as "insufficiently filled."
Figure l. Coronary tree diagrams (left
and right) used to identify location and
severity of all stenotic lesions on both pre-
and postmortem studies. LAD = left an-
terior descending coronary artery ; LCA
= left circumflex coronary artery ; LMC
= left main coronary artery; RCA = right
coronary artery.
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Postmortem evaluation of coronary arteries. At the
time of postmortem examination , each heart was removed
in toto, photographed, weighed and X-rayed. The coronary
artery ostia werecarefullyexaminedfor obstructive lesions,
and polyethylene catheters were inserted into the coronary
artery orifices and tied in place. After fixation in 20% phos-
phate-buffered formalin , radiographs of the heart were ob-
tained. When arterial calcium was present, the heart was
immersed in decalcifying solution. After the catheters were
flushed with normal saline solution a fine colloidal suspen-
sion of barium sulfate (micropaque) and gelatin was injected
at 100 mm Hg of pressure over a 20 minute period, after
which radiographs wereagainobtained. The entire coronary
artery tree was then sectioned at 2 to 3 mm intervals. The
specimens were reviewed by an experienced pathologist,
and the location and severity of stenotic lesions were re-
corded on diagrams identical to those used for the cinean-
giographic findings.
Grading of stenosIs. Pathologic estimation of the degree
of stenosis was definedas percentdecrease incross-sectional
area and was graded as normal or 25, 50, 75, 90, 95 or
100% occluded. The grading was done by a subjective com-
parison of the cross sections of the arterial lumen. with a
chart displaying lesions of different shapes and grades of
stenosis (Fig. 2). This chart was prepared by Richard R.
Liberthson, MD who simulated lesions of differentseverity,
using planimetry of the area of the residual lumen and ex-
pressing it as a percent of the original lumen. The chart was
made available to the participants in the Myocardial Infarct
Research Unit programs and was used by the Duke Pa-
thology Department. The accuracy of visual estimation of
the degree of coronary artery narrowing was tested by Isner
et al. (22), who found "excellent " agreementamong three
observers using videoplanimetric measurementof histologic
sections of the coronary arteries. In the present study, the
accuracy of this methodwas tested by having the pathologist
GRADING OF CORONARY ARTERY STENOSIS
(based on maximum cross-sectional involvement)
GRADE N.B.:GRADES 0 AND 6 ARE AT REFERENCE POINTS
GRADES 1 TO 5 ARE BETWEEN REFERENCE POINTSOr' GRADENONE 0
MINIMAL 1
~ 0 0 Q 25%
MILO 2
50%
MODERATE 3
75 %
MARKED 4
90%
VERY MARKED 5
COMPLETE 8
Figure 2. Chart of coronary artery lumens of
diffe rent shapes and di ffe rent degrees of nar-
rowing. This chart was prepared by Richard R.
Liberthson , MD, and is reproduced with his per-
mission . The column labeled " grade" was not
used in this study .
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evaluate cross sections of 25 randomly selected coronary
arteries. Percent stenosis of the cross-sectional luminal area
for each vessel was estimated by visual comparison of the
gross specimen with the chart.
Quantitative measurements of stenosis. Measurements
in the same 25 vessels were made by planimetry using
tracings of projected Kodachrome photographs of the cut
surfaces of the vessels, a Graf pen and a simple computer
program. The estimates deviated by 4.6 ± 5.8% (mean ±
standard deviation) from the measured value. The estimates
of a second observer, who estimated the percent narrowing
independently, deviated from the measured values by 3.8
± 2.9%. The respective estimates of the two independent
observers varied by a mean of only 4.9 ± 3.5%. Thus, the
visual estimation of coronary artery cross-sectional area nar-
rowing is accurate and has been used as the standard of
measurement for this study. Significant lesions in pathologic
specimens were defined as those that reduced the cross-
sectional area of the lumen by 90% or greater.
Clinicopathologic correlations. The postmortem spec-
imen was used as the reference standard for assessing the
accuracy of the cineangiographic interpretation of each ob-
server. An important clinical determination is the presence
or absence of significant lesions in the major coronary ar-
teries. Therefore, each vessel was evaluated for the presence
or absence of a significant lesion as defined. For the re-
mainder of this report, the term "percent stenosis" will
refer to percent reduction in luminal diameter. Thus, each
coronary segment could be characterized as: I) insufficiently
filled, 2) normal, 3) manifesting insignificant disease «
75% narrowing), or 4) manifesting significant disease (2
75% narrowing). Because many institutions and studies
(23,24) define significant stenosis as 50% or greater reduc-
tion in luminal diameter, analysis using this criterion was
also performed. The assessments of the coronary segments
by each angiographer were compared with the postmortem
findings. The accuracy of each observer in the evaluation
of vessels distal to significant lesions was also assessed using
postmortem findings as the reference standard.
Agreement was considered to exist between observers
when both classified a lesion as either significant or not
significant. Exact agreement on percent stenosis was not
required. When pathologic evaluation of a coronary segment
or a vessel distal to a significant occlusion could not be
made for technical reasons, that coronary segment was not
included in the cinepathologic comparisons. Such deletions
occurred most often for the left anterior descending artery
because of ventricular plication or aneurysmectomy, or for
areas where stenotic lesions were modified by endarterec-
tomy or insertion of a bypass graft.
Coronary segments that an angiographic observer con-
sidered insufficiently filled were not used in the comparisons
with the postmortem findings. These coronary segments
were analyzed separately to determine the incidence of sig-
nificant lesions in coronary segments that were inadequately
opacified cineangiographically.
The participants met weekly to discuss patient material
examined during the previous week. The coronary cinean-
giograms and postmortem specimens were reviewed by the
group, and an attempt was made to determine reasons for
differences between angiographic and pathologic assessment.
Statistical analyses. The statistical methods employed
in comparing various agreement proportions and assessing
the significance of differences between the observers were
based on chi-square statistics for analyzing observer agree-
ment (25,26). The term "agreement proportion" refers to
the number of segments with agreement between observers
divided by the number of segments adequately visualized.
Results
Clinicopathologic correlations. The coronary seg-
ments examined and the percent of coronary segments with
significant lesions reported by each angiographer (C, and
C2) are recorded in Table I together with the percent of
significant lesions discovered at autopsy. the table shows
that the proximal left anterior descending artery was most
commonly considered significantly obstructed by the an-
giographers, Correspondingly, the distal left anterior de-
scending artery was most often deemed inadequately opacified.
Presence of significant lesion. Table 2 illustrates the
agreement of each angiographer with the postmortem find-
ings regarding the presence of a significant lesion (2 75%
narrowing) in each coronary segment. Coronary segments
designated insufficiently filled cineangiographically and those
that could not be evaluated at postmortem examination were
excluded from these calculations. For example, of the 27
distal left anterior descending segments, comparison be-
tween angiographer C, and postmortem findings could be
made in 14 segments (3 segments were inadequately opaci-
fied and could not be evaluated postmortem, I segment
was adequately opacified but could not be evaluated post-
mortem and 9 segments could be evaluated postmortem but
were inadequately opacified). Angiographer C, visualized
277 of the 326 coronary segments that could be evaluated
postmortem. His assessment of the presence of a significant
lesion was accurate in 89% of the 277 coronary segments.
Angiographer C2 was accurate in the evaluation of 245 of
278 coronary segments visualized (88%). No difference was
observed for either angiographer in accuracy between prox-
imal and distal coronary segments. The average cineangio-
graphic accuracy was 98% for the left main, 92% for the
left anterior descending, 85% for the right and 84% for the
left circumflex coronary artery. Among coronary segments
that were adequately opacified cineangiographically, 27 were
found to be totally occluded postmortem. Complete agree-
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Table 1. Segments With Significant Lesions on Cineangiography and at Autopsy*
Coronary No. of Segments With Significant Lesions
Artery Segment Segments C, C, Autopsy
LAD
Proximal 27 89% (0) 89% (0 ) 89% (0)
Middle 27 25% ( I I ) 35% ( 10) 44% (0)
Distal 27 0% ( 12) 6% (10) 13% (4)
LCx
Proximal 27 56% (0) 70% (0) 63% (0)
First marginal 27 300/c (0) 480/< (2) 28% (2)
Distal 26 10% (6) 31% (10) 20% (6)
Second marginal 18 36% (4) 20% (3) 39ck (0 )
RCA
Proximal 26 279c (0 ) 42% (0) 44% (I )
Middle 26 54% (2) 54% (2) 54% (0)
Distal 25 29% (8) 35o/c (8) 44% (0)
Posteriordescending 23 14Ck (9) 21% (9) 26% (0)
LMC. ostium 27 0% ( I ) 4% (0) 4% (0)
LMC 27 11 % (0 ) 15% (0) 15% (I)
Diagonal 7 80% (2) 71'1< (0) 57% (0)
Total 340 32% (55) 40% (54) 38% (14)
*The numbers in parentheses record the number of segmentswhich the respective cineangiographers designated inadequately opaci fiedor the number
of segments which could not be evaluated postmortem: these were not included for calculation of percentages. C, and C, = angiographic observers I
and 2, respectively; Diagonal = diagonal branch ofleft coronaryartery: LAD = left anteriordescending coronaryartery: LCx = left circumflex coronary
artery: LMC = left main coronary artery: RCA = right coronary artery.
ment occurred between cineangiography and pathology for
these 27 segments.
When 50% stenosis was used to define significant ste-
nosis, angiographer C, was found to be accurate in 242
(87%) of 277 segments, and angiographer C2 was accurate
in 243 (87%) of 278 segments. Thus, no signifi cant differ-
ence was observed in cineangiographic accuracy when 50%
rather than 75% or greater reduction in luminal diameter
was considered signifi cant stenosis.
Distal vesse ls. Table 3 records the accuracy of each an-
giographer in the evaluation of vessels distal to a signifi cant
lesion. Angiographer C, scored 50 of 68 distal vessels after
a signifi cant lesion and was accurate in 86%. Angiographer
C2 was accurate in 86% of 49 distal vessels that he was
able to evaluate. Foreach observer, no significant difference
was found in the accuracy of assessing the distal left anterior
descending, left circumflex or right coronary artery.
Inadequate opacification . Of the 340 coronary segments
assessed cineangiographically, 65 were considered inade-
quately opacifiedby one or both of the angiographers. Forty-
fi ve of these 65 coronary segments were designated as in-
suffi ciently filled on both cineangiographic interpretations.
and 20 on only one interpretation. Of the coronary segments
designated inadequately opacified cineangiographically, 57
could be evaluated postmortem. Forty-eight percent of those
designated inadequately opacified by angiographer C I and
47% of those so designated by angiographer C2 were found
to have significant disease at postmortem examination.
Twenty-two of the 68 vessels distal to a significant prox-
imal lesion were designated as inadequately opacified on
one or both of the cineangiographic interpretations. Of these
22 distal vessels. 20 were designated as inadequately opaci-
fied by both angiographers, while 2 were so designated
by only one angiographer. Nineteen of the 22 distal vessels
could be evaluated postmortem. Forty-four percent of the
distal vessels designated inadequately opacified by angiog-
rapher C I and 47% of the distal vessels so designated by
angiographer C2 had significant obstruction at postmortem
examination. At postmortem examination, 75% of left an-
terior descending distal vessels that had been inadequately
opacified cineangiographically were thought to be suitable
for grafting, based on a luminal diameter of 1.5 mm or
greater and the absence of a significant distal obstruction.
Although the differences were not statistically significant,
this figure diminished to 50% for the left circumflex coro-
nary artery and to 37% for the right coronary artery.
Characterization of errors at angiography. Fifteen
percent of the 326 coronary segments that could be evaluated
postmortem were considered inadequately opacifiedby each
angiographer. Figure 3 shows the types of errors made by
the angiographers in the remaining coronary segments that
they considered adequately opacified. When the data were
examined for sensitivity, angiographer C, correctly assessed
as 2: 75% stenotic 82 (80%) of 102 coronary segments that
were found to have a significant lesion at postmortem ex-
amination. Specificity for angiographer C I , however. was
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Table 2. Accuracy of Cineangiographic lnterpretations"
C, C~
Coronary No. of No. of
Artery Segment Comparisons Accuracy Comparisons Accuracy
LAD
Proximal 27 93;% 27 ]ooo/c
Middle 16 88i} 17 88%
Distal 14 93o/c 15 87o/c
LCx
Proximal 27 85% 27 74%
First marginal 25 88% 23 74%
Distal 17 94% 15 87%
Second marginal 14 93% 15 93%
RCA
Proximal 25 76% 25 76%
Middle 24 88% 24 88%
Distal 17 88% 16 94%
Posterior descending 14 86% 14 93%
LMC. ostium 26 96% 27 100%
LMC 26 96% 26 100%
Diagonal 5 80% 7 86%
Totals
LAD 57 91% 59 93%
LCx 83 89% 80 79%
RCA 80 84% 79 86%
LMC 52 96% 53 100%
Diagonal 5 80% 7 86%
Proximal segments 131 89% 132 89%
Distal segments 146 89% 146 87%
Overall total 277 89% 278 88%
' Proximal segments = proximal left anterior descending coronary artery (LAD) + proximal left circumflex coronary artery (LCx) + proximal right
coronary artery (RCA) + left main coronary artery (LMC) + ostium of LMC; distal segments = middle and distal LAD + first and second marginal
branches of LCx + distal LCx + middle and distal RCA + posteriordescending + diagonal. C, and C~ = angiographic observers I and 2. respectively.
significantly (p < 0.05) higher as he correctly assessed 165
(94%) of 175 coronary segme nts that did not have a sig-
nificant lesion at postmortem exam ination . There was no
significant difference between the specificity (91 [88%] of
103 coronary segments) and sensitivity (155 [89%1 of 175
coronary segments) for angiographer C2 •
Conflicting angiographic and postmortem find-
ings. Figure 4 characterizes the postmortem findings in
Table 3. Accuracy of Cineangiographic Distal
Vessel Assessment
C, C~
Distal No. of No. of
Vessel Comparisons Accuracy Comparisons Accuracy
LAD 13 92% 13 92%
LCx 22 82% 22 77%
RCA 15 87% 14 93%
Total 50 86% 49 86%
Abbreviations as before.
coronary segments for which the cineangiographic assess-
ment conflicted with postmortem findings . In 23 coronary
segments, a significant lesion was reported by either an-
giographer C 1 or C2 but was not present at postmortem
examination. No lesion was found in 4 segments, a less
than 75% crescentic lesion was present in 14 and a less than
75% concentric lesion was present in 5 . In another 23 coro-
nary segments , either angiographer C I or C2 did not report
a significant lesion that was found at postmortem. The lesion
was crescentic in 16 , concentric in 4 and star-shaped in 3.
These 46 segmental errors occurred in 35 different vessels ,
of which II were found postmortem to have diffuse disease
with at least 50% stenosis throughout the length of the
vessel.
Interobserver va riability, The cineangiographic find-
ings of the two angiographers were compared to assess
interobserver agreement and reliability (Table 4). For this
analysi s, coronary segments designated as inadequately opaci-
fied were included in comparisons . Overall, agreement
between the two observers was 86%. Intero bserver agree-
ment was significantly better for the left main , right and left
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Figure 3. Typesof cineangiographic errors in inadequately opaci-
fied coronary segments that could be evaluated at postmortem
examination. The number of patients with the various types of
errors is shown within the bars.
anterior descending coronary arteries than for the left cir-
cumflex coronary artery and diagonal branch (p < 0.05).
No significant difference was observed, however, in percent
agreement between proximal and distal coronary segments.
Agreement between two angiographers. Coronary seg-
ments that were adequately opacified and given the same
assessment by both angiographers were compared with post-
mortem findings to determine accuracy. Overall, when both
angiographers visualized a coronary segment and made the
same assessment, they were accurate in 93% of 244 seg-
ments. There was no difference in accuracy between prox-
imal and distal coronary segments when both angiographers
were in agreement.
Agreement between the two angiographers in the as-
sessment of vessels distal to a significant lesion was 90%.
When both observers visualized a distal vessel and had the
same assessment, accuracy in comparison with postmortem
findings was 90%. Accuracy when both observers agreed
did not vary significantly for the left anterior descending,
left circumflex coronary or right coronary artery.
Disagreement between two angiographers. Coronary
segments that the two angiographers assessed differently
were examined postmortem to determine the degree of ste-
nosis and lesional configurations associated with the inter-
observer variability. In 20 of the 47 coronary segments for
which the two angiographers were in disagreement, the
coronary segment was designated insufficiently filled by one
of the angiographers. Fifteen of these 20 coronary segments
could be evaluated postmortem. Six were normal and nine
had significant stenosis. Of the 27 coronary segments that
both angiographers believed were adequately opacified but
assessed differently, 4 were normal, 11 had 50 to 75%
stenosis and 12 had significant stenosis. Of the 21 coronary
segments with significant stenosis in which interobserver
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Table 4. Agreement Between Cineangiographers in Assessment
of Coronary Segments
Coronary No. of
Artery Segment Comparisons Agreement
LAD
Proximal 27 93%
Middle 27 89%
Distal 27 93%
LCx
Proximal 27 78%
First marginal 27 74%
Distal 26 65%
Second marginal 18 78%
RCA
Proximal 26 85%
Middle 26 100%
Distal 25 92%
Posterior descending 23 91%
LMC. ostium 27 93%
LMC 27 96%
Diagonal 7 71%
Totals
LAD 81 91%
LCx 98 73%
RCA 100 92%
LMC 54 94%
Diagonal 7 71%
Proximal segments 134 89%
Distal segments 206 85%
Overall total 340 86%
Abbreviations as before.
disagreement occurred, 15 had crescentic lesions, 4 had
concentric lesions and 2 had star-shaped lesions.
Incorrect assessments. Seventeen adequately opacified
coronary segments were assessed in the same manner, but
incorrectly, by both angiographers. At postmortem exam-
ination, nine of these coronary segments were found to have
a significant lesion that had been underestimated or totally
missed cineangiographically and eight were found to have
an insignificant lesion that had been misinterpreted as sig-
nificant cineangiographically . Six of the nine coronary seg-
ments in which a significant lesion was underestimated or
missed had crescentic lesions postmortem and three had
concentric lesions. Of the eight coronary segments in which
an insignificant lesion was misinterpreted as significant, five
had crescentic lesions postmortem and three had concentric
lesions.
Control patients. The five living control patients with
suspected coronary artery disease whose coronary arterio-
grams were interpreted as normal at the time of cardiac
catheterization were not included in the analysis just dis-
cussed because postmortem comparison was not possible.
These five cineangiograms were assessed as being entirely
normal by both angiographers.
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Figure 4. Cineangiographic overestimation and underestimation
of lesions in coronary segments for the various configurations of
the stenotic lesions found at postmortem examination.
Discussion
Accuracy of coronary cineangiography in estimating
"significant disease." The results of this study demon-
strate that selective coronary cineangiography can be an
accurate method for evaluating the coronary circulation for
the presence of significant disease. Although an average of
15% of coronary segments are inadequately opacified
cineangiographically, the 88 to 89% overall accuracy com-
pares favorably with that reported in prior studies (4-8).
This high degree of accuracy is remarkable when one con-
siders the study group. Other than the two patients with
normal coronary arteries who died suddenly, the group is
composed of patients with severe coronary artery disease
and multiple significant lesions in the majority of vessels.
In such severely diseased vessels, observers often have dif-
ficulty locating a normal segment for reference in quanti-
fying the percent stenosis (7). Accuracy in the cineangio-
graphic assessment of normal coronary arteries presented
no difficulty, as manifested by the 100% accuracy of each
observer in assessment of findings in the two patients with
normal coronary arteries and, also, by the 100% agreement
on findings in the five normal living control patients.
No significant difference in accuracy between proximal
and distal coronary segments was observed for the two an-
giographers. This result differs from previous reports, in-
cluding one from this institution (II), in which evaluation
of distal coronary segments was less accurate. The protocol
permitting the angiographers to designate a coronary seg-
ment as inadequately opacified probably accounted for the
improved accuracy in assessing distal coronary segments.
Errors of underestimation versus overestimation of
severity of disease. The majority of previous studies (7-
12) have reported a tendency of coronary cineangiography
to err primarily by underestimating the severity of coronary
lesions and only rarely by overestimating the severity of
disease, although one study found overestimation to be more
common (5). Although underestimation errors were signif-
icantly more common than overestimation errors for one of
the angiographers in this study (C I ) , sensitivity and speci-
ficity were nearly identical for the angiographer Cz. A factor
perhaps contributing to the higher prevalence of overesti-
mation errors for the angiographer Cz is the severity of
disease in the study group. A "guilt by association" phe-
nomenon could occur, whereby a small coronary segment
without significant disease could be deemed to have a sig-
nificant lesion cineangiographically because of the presence
of significant lesions in adjacent segments. This phenom-
enon has been previously suggested as a source of error by
Kemp et al. (9). Also, the angiographer C, may have re-
sponded to previous reports and thus attempted to avoid the
tendency to underestimate lesions.
Role of shape of lesions in cineangiographic overes-
timation and underestimation of disease. Cineangio-
graphic overestimation errors may be related to the shape
of the lesions found at postmortem examination. Cinean-
giographic overestimation of concentric lesions could be
caused by poststenotic dilation or superimposition of coro-
nary branches, which would make the reference vessel ap-
pear larger. The more common overestimation of crescentic
lesions could be affected by the projection chosen for filming
during catheterization, a "reverse ribbon" effect. Another
possible explanation for overestimation of the significance
of a lesion is kinking of the vessels. Spasm is an unlikely
source of overestimation because of the routine use of ni-
troglycerin to dilate the coronary vessels before
cineangiography.
Cineangiographic underestimation errors may also be re-
lated to the shape of the lesions found at postmortem ex-
amination. As noted in prior reports (10), crescentic lesions
can easily lead to an underestimation error unless multiple
projections are obtained, including a sagittal or hemiaxial
view of the trifurcation of the left coronary system if in-
dicated. Hemiaxial or lordotic views were not used in our
study. Concentric lesions also have been a frequent source
of underestimation error because lack of a normal reference
vessel can lead to designation of a segment without such a
lesion as "small but normal" (11). A star-shaped lesion is
almost impossible to assess accurately by cineangiography
because it appears normal in any projection. Fortunately,
such a configuration occurs rarely. Progression of disease
in the interval between catheterization and postmortem ex-
amination is unlikely to have significantly influenced the
occurrence of underestimation errors because this interval
was quite short for the 27 patients in this study (median 17
days).
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Assessment of distal lesions. Coronary cineangiogra-
phy has been shown to have an accuracy of 86% in assessing
the quality of vessels distal to a significant proximal occlu-
sion. This accuracy compares favorably with that reported
by Rosch et al. (16). Most of the error in distal vessel
assessment was que to underestimation of the severity of
distal lesions, Two primary factors probably influence the
assessment of distal vessels: I) the severity of the proximal
lesion and, therefore, the amount of antegrade flow, and 2)
the degree of development of collateral circulation, Thus,
when distal vessels are thought to be adequately opacified,
the judgment of experienced angiographers is useful in plan-
ning coronary artery bypass graft location, even when a
significant proximal lesion exists. However, when distal
vessels are not adequately opacified, 55% have no signifi-
cant lesions and, thus, would probably be suitable for bypass
grafting if this were clinically indicated.
Left main coronary artery disease. Several previous
reports (8,15,18,19) found particular difficulty with inter-
pretation of the presence of significant disease of the left
main coronary artery, In our study, only 4 of 27 left main
segments had significant disease. Angiographer C, detected
three of these four lesions and angiographer C2 detected all
four. Neither observer named a significant lesion in the left
main artery when none was present. Thus, the observers
agreed with each other in 96% of cases and with the path-
ologic findings in 96 and 100% of cases for angiographer
C, and C2 , respectively. In the most detailed review of
clinicopathologic correlation in left main coronary artery
disease, Isner et al. (8) reported that the degree of left main
artery stenosis was underestimated by more than 25% in 20
of 28 cases. Differences between our findings and theirs
may relate to the routine use of flush shots and multiple
views of the left main artery in our laboratory and to the
small sample size of patients with significant left main coro-
nary disease in our study. In the Coronary Artery Surgery
Study (19) involving 870 angiograms and multiple readers,
when one observer found 50% or greater left main artery
stenosis, a second observer found no stenosis in 18,6% of
readings. Potential difficulties in angiographic techniques
and interpretation were great in that large study as a result
of the many institutions involved (19).
Left circumflex artery and diagonal branch dis-
ease. We found the most interobserver disagreement in the
interpretation of the presence of lesions in the left circumflex
artery and diagonal branches. In the Coronary Artery Sur-
gery Study (19), interobserver disagreement on the circum-
flex artery and diagonal branches was second only to such
disagreement on the left main artery, Because these vessels
often have marked variability in their anatomy, the finding
that interobserver variability was highest in these vessels is
not surprising.
Evaluation by consensus. When both observers eval-
uated a cineangiogram independently and had the same as-
sessment, accuracy overall and in vessels distal to a sig-
nificant lesion tended to be higher than the individual
accuracies of either angiographer. A consensus derived from
several independent observers may, therefore, provide the
most accurate cineangiographic interpretation of coronary
anatomy. Other reports (6,13,18) have suggested the im-
portance of group consensus without direct confirmation by
formal comparison with postmortem findings.
Factors influencing observer accuracy. Factors that may
influence observer accuracy and reliability are the experi-
ence of the reader, reader fatigue, film quality and, perhaps
most important, the severity of the patient's coronary artery
disease (14). This study demonstrates that even for patients
with severe coronary artery disease, coronary cineangiog-
raphy can have a high degree of accuracy and minimal
interobserver variability.
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